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1.1 Olefinmetathesisreactionandmechanism
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Scheme1.Schemeofanolefinmetathesisreaction.
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Scheme 2. Proposed reaction intermediates I and II involved in the olefinmetathesis
reaction.
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Scheme3.Olefinmetathesismechanism–‘Chauvinmechanism’.
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Scheme4.Representativetypesofolefinmetathesisreactions.
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Scheme5.TheROMPofDCPD.
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RingǦclosingmetathesis
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Scheme6,Totalsynthesisof(Ǧ)ǦaspidospermineviaanRCMreaction.
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Scheme7.Theethenolysisofmethyloleate.
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Fig.1Olefincategorizationandrulesforproductselectivity.24
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Scheme8.Synthesisof[W(=C(MeO)(Ph))(CO)5].
1.3.2.2 MetalalkylideneȀcarbenecomplexes
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Scheme9.Synthesisof[Ta(=CHǦtǦBu)(CH2ǦtǦBu)3].
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Scheme 10. Tebbe complex catalyzed the CM reaction (A) and the synthesis of the
metallacyclobutanecomplex(B).
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Fig.2Schrockcatalyst.
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1.4 Development of rutheniumǦbased alkylidene
complexes
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Ǧ  
͵ȋʹȌͳͻ͸ͲǤ͵ͳǡ͵ͳʹͲ
ǡ͹ǦǦ͵ȋʹȌ
     ǡ      
      ǤͶͷ ǡ  
ȏȋʹȌ͸ȋȌʹȐȋαpǦǦȌǡinsituǦ
            ͷǡ͸Ǧ
ȋȌǦ͹ǦǤͶ͸      
    ǡ  Ǧ   
Ǥͳ
ͳȂOlefinmetathesis
ͳ͵
        Ǧ 
 Ǥͳ   Ǧ Ǧ  
 1       ȏʹȋ͵Ȍ͵Ȑ  ͵ǡ͵Ȃ
 ȋͳͳǡ ȌǤͶͶ 1   
 ǡ           Ǧ
ǦǤ    
     ǤͶ͹       
   ͵    1   Ǧ
ȋ͵i͵ȌǤͶͺ1ǡ23
ǡǡǡ
Ǥ1ǡ2
            
ǡǡ͹Ǧǡ
cisǦʹǦǤͶͺǡ2
ǡ
    ǢͶͻ      ǡͷͲ Ǧ
 ǡͷͳ    ͷʹ  Ǧǡͷ͵   
     ͷͶ    ǡͷͷ 
 ǡ     Ǣͷ͸    
Ǥͳ

Scheme11.Synthesisofcomplexes1,2and3.
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Scheme12.Synthesisofcomplex4. 
80 oC, 12 h
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Scheme13.Synthesisofcomplexes4Ǧ7.
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Scheme14.Synthesisofcomplex4.
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Scheme15.Synthesisofcomplexes8Ǧ12.
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Scheme16.Synthesisofcomplexes13Ǧ19.
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Scheme17.Synthesisofcomplexes18Ǧ19.
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Scheme18.Synthesisofcomplexes1and20.
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Scheme20.Synthesisofcomplexes22Ǧ26.
Insightintothedevelopmentofrutheniumindenylidene
complexes
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Scheme21.Synthesisofcomplexes22Ǧ24and27Ǧ30.
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Scheme25.Synthesisofcomplexes40aǦd.
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ͳȂOlefinmetathesis
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Ru
Cl
PCy3
Ph
O
Ru
Cl
Cl
PCy3
PCy3
Ph
23
Ru
Cl
Cl
PCy3
Ph
N
N
N
R2
R1
R4
R3
OTl
N
R2R1
R4
R3
Pyridene
Ru
Cl
Cl
SIMes
PCy3
Ph
SIMes
41
42a-i
43
a, R1 = H, R2 = H, R3 = H, R4 = CH3
b, R1 = H, R2 = CH3, R3 = CH3, R4 = CH3
e, R1 = NO2, R2 = CH3, R3 = CH3, R4 = CH3
d, R1 = NO2, R2 = H, R3 = H, R4 = Cl
f, R1 = NO2, R2 = iPr, R3 = H, R4 = iPr
c, R1 = NO2, R2 = CH3, R3 = H, R4 = CH3
g, R1 = NO2, R2 = CH3, R3 = Br, R4 = CH3
h, R1 = H, R2 = iPr, R3 = H, R4 = iPr
i, R1 = H, R2 = CH3, R3 = Br, R4 = CH3

Scheme26.Synthesisofcomplexes41,42aǦiand43.
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DevelopmentofNHCǦcontainingrutheniumalkylidene
complexes
ͳȂOlefinmetathesis
ʹ͸
1.4.3.1 TypicalNHCǦcoordinatedGrubbsandGrubbsǦHoveyda
complexes

Fig.3NHCandphosphineligandscoordinatedrutheniumbenzylidenecomplexes44a,b,
45and46a,b.
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Fig.4NHCǦcoordinatedrutheniumbenzylideneǦetherǦchelatingcomplexes47Ǧ50.
1.4.3.2 NHCǦcoordinatedrutheniumindenylidenecomplexes
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Fig. 5 SIMes/IMes and phosphine ligands bearing ruthenium indenylidene complexes
51aǦo.
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Fig. 6 Phosphine and sizeǦreducedNHC or sizeǦincreasedNHC coordinated ruthenium
indenylidenecomplexes52aǦcand53aǦe.
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Fig. 7 Phosphine and unsymmetrical NHC coordinated ruthenium indenylidene
complexes54aǦiand55a,b.
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Fig.8PyridineandNHCcoordinatedrutheniumindenylidenecomplexes56aǦgand57a,b.
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Fig.9BisǦNHCsǦcoordinatedrutheniumindenylidenecomplexes58aǦj.
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60a, L = IMes
60b, L = SIMes
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59g, R1 = NO2, R2 = CH3, R3 = H, R4 = CH3
59h, R1 = OMe, R2 = CH3, R3 = H, R4 = CH3
59b, R1 = NO2, R2 = CH3, R3 = Br, R4 = CH3
59a, R1 = NO2, R2 = CH3, R3 = CH3, R4 = CH3
59d, R1 = H, R2 = CH3, R3 = H, R4 = CH3
59c, R1 = H, R2 = H, R3 = H, R4 = CH3
59e, R1 = NO2, R2 = H, R3 = CH3, R4 = H
59f, R1 = NO2, R2 = H, R3 = tBu, R4 = H
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Fig.10NHC andbidentateǦSchiffbase coordinated ruthenium indenylidene complexes
59aǦhand60a,b.
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Scheme28.Mechanismofolefinmetathesiswithrutheniumalkylidenecatalysts.
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Scheme29.Decompositionofmethylidenecomplexes61a,bwiththepresenceorabsence
ofethylene.
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Scheme30.Proposeddecompositionmechanismwithethyleneandwithoutethylene.
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Thegeometriesoftypicalrutheniumalkylidene
complexesand14Ǧelectronruthenacyclobutanes.
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RepresentativesofGrubbs’typecomplexes
 
 ǡ  
Ǧ    
        
ǯ 
ǤͶͲǡͶ͵ǡͶ͵ǡͺͷ45ǡ4751cǡ
ͳȂOlefinmetathesis
͵ͻ
            Ǥ 
Ǧ 45ǡ93b479451cͳʹ͵ȋ	ǤͳͳȌǡ
  Ȃ        
 Ǧ        Ǥ
   transǦ   
ȋ4551cȌȋ47ȌǤ
Fig.11BallǦstickrepresentationsofthestructuresofcomplexes45,47and51c,showing
the atom labeling scheme of the heteroatoms.Only one complex 51cmolecule of the
asymmetricunitisshownandthehydrogenatomsandthesolventmoleculesareomitted
forclarity.
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Scheme31.Possiblepathwaysofolefinmetathesisreactionsinthepropagationstage.
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Fig.12TheschematicrepresentationsandballǦstickrepresentationsofthestructuresof
rutheniumbenzylideneǦetherǦchelatingcomplexes64and65,showingtheatomlabeling
schemeoftheheteroatoms.Thehydrogenatomsandthesolventmoleculesareomitted
forclarity.
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1,1Ǧbis(3,5Ǧdiisopropoxyphenyl)Ǧ2ǦpropynǦ1Ǧol(1).Ͷ
1,1Ǧbis(3,5Ǧdimethoxyphenyl)Ǧ2ǦpropynǦ1Ǧol(2).
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1,1ǦbisǦ2ǦmethoxyphenylǦ2ǦpropynǦ1Ǧol(3).
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2Ǧ(1ǦhydroxyǦ1ǦphenylǦ2ǦpropynǦ1Ǧyl)phenol(4).
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1,1Ǧbis(3,5Ǧdibromophenyl)Ǧ2ǦpropynǦ1Ǧol(5).
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Bis(3Ǧ(dimethylamino)phenyl)methanone(6Ǧ1).
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1,1Ǧbis(3Ǧ(dimethylamino)phenyl)Ǧ2ǦpropynǦ1Ǧol(6).
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1Ǧ(3,5Ǧdichlorophenyl)Ǧ3Ǧ(trimethylsilyl)Ǧ2ǦpropynǦ1Ǧol(7Ǧ2).
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1Ǧ(3,5Ǧdichlorophenyl)Ǧ3Ǧ(trimethylsilyl)Ǧ2ǦpropynǦ1Ǧone(7Ǧ1).
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1Ǧ(3,5Ǧdichlorophenyl)Ǧ1Ǧ(oǦtolyl)Ǧ2ǦpropynǦ1Ǧol(7).
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1ǦphenylǦ2ǦpropynǦ1Ǧol(8).16
4,4ǦdibromoǦ3ǦphenylpentǦ1ǦynǦ3Ǧol(9).
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1,1,1ǦtrifluoroǦ2ǦphenylǦ3ǦbutynǦ2Ǧol(10).ͳ͹
1,1,1ǦtrichloroǦ2ǦphenylǦ3ǦbutynǦ2Ǧol(11).
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2,2,2ǦtrichloroǦ1Ǧ(3,5Ǧdimethoxyphenyl)ethanolȋ12Ǧ2ȌǤ
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2,2,2ǦtrichloroǦ1Ǧ(3,5Ǧdimethoxyphenyl)ethanoneȋ12Ǧ1ȌǤ
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1,1,1ǦtrichloroǦ2Ǧ(3,5Ǧdimethoxyphenyl)Ǧ3ǦbutynǦ2Ǧol(12).
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1ǦbromoǦ2,3ǦdimethoxyǦ5Ǧ(methoxymethyl)benzene(13Ǧ3).
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1Ǧ(2,3ǦdimethoxyǦ5Ǧ(methoxymethyl)phenyl)Ǧ2,2ǦdimethylpropanǦ1Ǧol(13Ǧ2).
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1Ǧ(2,3ǦdimethoxyǦ5Ǧ(methoxymethyl)phenyl)Ǧ2,2ǦdimethylpropanǦ1Ǧone(13Ǧ1).
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3Ǧ(2,3ǦdimethoxyǦ5Ǧ(methoxymethyl)phenyl)Ǧ4,4ǦdimethylpentǦ1ǦynǦ3Ǧol(13).
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1ǦphenylǦ1Ǧ(thiophenǦ2Ǧyl)Ǧ2ǦpropynǦ1Ǧol(14).16
(1ǦisoǦpropylimidazolǦ2Ǧyl)(phenyl)methanone(15Ǧ1).
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1Ǧ(1ǦisoǦpropylǦimidazolǦ2Ǧyl)Ǧ1ǦphenylǦ2ǦpropynǦ1Ǧol(15).
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(3,5Ǧdimethoxyphenyl)(1ǦisoǦpropylǦimidazolǦ2Ǧyl)methanone(16Ǧ1).
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1Ǧ(3,5Ǧdimethoxyphenyl)Ǧ1Ǧ(1ǦisoǦpropylǦimidazolǦ2Ǧyl)Ǧ2ǦpropynǦ1Ǧol(16).
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1,1,4,4ǦtetraǦoǦtolylǦ2ǦbutyneǦ1,4Ǧdiol(17).
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1,1,4,4Ǧtetra(4ǦisoǦpropoxyphenyl)Ǧ2ǦbutyneǦ1,4Ǧdiol(18).
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1,1,4,4Ǧtetra(3,5Ǧdimethoxyphenyl)Ǧ2ǦbutyneǦ1,4Ǧdiol(19).
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2ǦmethyleneǦ3ǦphenylǦ2,3ǦdihydrobenzofuranǦ3Ǧol(20).
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Fig.1RutheniumǦbasedolefinmetathesiscatalysts.
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Scheme2A:Generalappliedsynthesisstrategy forthesynthesisof functionalizednonǦ
chelatingindenylidenecatalysts.B:Numberingschemeoftheindenylideneatoms.
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Fig.21HǦNMRspectrumofcomplex7ainCDCl3.
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Scheme 3 Proposed mechanism for the formation of indenylidene complex III from
allenylideneintermediatesI.14,17c,d
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Fig.3Molecularstructuresofcompounds6a,6dand8.Forclarity,onlyonemolecular
fromentityofthecompoundsisshown.
SingleǦcrystalXǦraydiffractionanalysis
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Fig. 4Molecular structure of compound 7a, showing the atom labeling scheme of the
heteroatomsandcarbonatomC1.Hydrogenatomsandthedisorderoftwoofthephenyl
groupsinPPh3areomittedforclarity.
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Fig. 5Molecular structure of compound 5a, showing the atom labeling scheme of the
heteroatomsandcarbonatomC1.ThedisorderoftheoǦtolylmoietyisshowninyellow.
HydrogenatomsandtheCH2Cl2solventmoleculeareomittedforclarity.
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Fig.6Molecularstructuresofcompounds3and5bǦd,showingatom labelingschemeof
theheteroǦatomsandcarbonatomC1.Hydrogenatomsareomittedforclarity.For3,5c
and5d,thedisorderofthe3ǦphenylǦ1Ǧindenylidene,3Ǧ(2,6Ǧxylyl)Ǧ1Ǧindenylideneand3Ǧ
(1Ǧnaphthyl)Ǧ1Ǧindenylidenemoietiesareshowninyellow.
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Fig.7Molecularstructureofcomplex2,withatomlabelingschemeoftheheteroǦatoms
and carbon atomC1.OnlyoneRuCl2(2ǦisoǦpropoxybenzylidene)(PCy3)moleculeof the
asymmetricunitisshown.Hydrogenatomsareomittedforclarity.
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1aǡ2ǡ35aǦdǤ
 1aa 2b 3c 3d 5a 5b 5cd 5dd
RuǦCl ʹǤ͵ͻͶͻȋ͸Ȍ ʹǤ͵͵ͲȋͳȌȀ
ʹǤ͵͵ʹȋͳȌ
ʹǤ͵ͺͻȋʹȌ ʹǤ͵ͻ͵ȋͳȌ ʹǤ͵͹ͻȋʹȌ ʹǤ͵ͺͶȋ͵Ȍ ʹǤ͵͹ͻȋʹȌ ʹǤ͵ͺͺȋ͵Ȍ
 ʹǤ͵ͻͷ͹ȋ͸Ȍ ʹǤ͵͵ͳȋͳȌȀ
ʹǤ͵ͶͶȋͳȌ
ʹǤͶͲͺȋʹȌ ʹǤ͵ͻͶȋʹȌ ʹǤͶͲͲȋʹȌ ʹǤ͵ͻͳȋ͵Ȍ ʹǤ͵ͺ͹ȋʹȌ ʹǤ͵ͻ͹ȋʹȌ
RuǦP ʹǤͶͲ͵Ͳȋ͹Ȍ ʹǤʹ͹ͶȋͳȌȀ
ʹǤʹ͹͹ȋͳȌ
ʹǤͶͳ͸ȋʹȌ ʹǤͶͳͲȋͳȌ ʹǤͶͳͷȋͳȌ ʹǤͶͳͶȋ͵Ȍ ʹǤͶͳ͸ȋ͵Ȍ ʹǤͶͳͷȋ͵Ȍ
 ʹǤͶͲ͸͸ȋ͹Ȍ  ʹǤͶʹ͹ȋʹȌ ʹǤͶͳͷȋͳȌ ʹǤͶʹͻȋͳȌ ʹǤͶͳ͸ȋ͵Ȍ ʹǤͶʹʹȋʹȌ ʹǤͶʹͶȋͶȌ
Ru=C1 ͳǤͺͶͳȋʹȌ ͳǤͺ͵ʹȋͷȌȀ
ͳǤͺͶͳȋͶȌ
ͳǤͺͺʹȋ͸Ȍ ͳǤͺ͵ȋͳȌȀ
ͳǤͺͺȋͳȌ
ͳǤͺ͸͵ȋͶȌ ͳǤͺͺͷȋͺȌ ͳǤͺͺȋͳȌȀ
ͳǤͻ͵ȋͳȌ
ͳǤͻͲȋͳȌȀ
ͳǤͻ͵ȋͳȌ
ClǦRuǦCl ͳ͸͸Ǥͺ͹ȋʹȌ ͳͶͺǤͺͳȋͷȌȀ
ͳͷ͵ǤͻͷȋͷȌ
ͳ͸͵Ǥͻͳȋ͹Ȍ ͳ͸͵ǤͶͻȋͷȌ ͳ͸͵Ǥ͵͵ȋͷȌ ͳ͸ͶǤͳȋͳȌ ͳ͸͵ǤͻͺȋͺȌ ͳ͸͵Ǥ͹ȋͳȌ
PǦRuǦP ͳ͸ʹǤʹʹȋʹȌ  ͳͷͻǤͲ͵ȋ͹Ȍ ͳͷͻǤͺͻȋͷȌ ͳ͸ͳǤʹ͹ȋͷȌ ͳͷͻǤ͸ȋͳȌ ͳ͸ͲǤ͸͸ȋ͹Ȍ ͳͷͻǤ͵ȋͳȌ
aData according to reference.28 b For compound 2, the asymmetric unit contains two
RuCl2(2ǦisoǦpropoxybenzylidene)(PCy3) molecules (see Fig. 7). c Data according to
reference.29dForcompound3,5cand5d,theindenylideneligandsaredisorderedover
twoparts,theRu=Cdistanceswerenotrestrainedduringrefinement.
Catalyticactivityofcomplexes5aǦd
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
Fig.8TheRCMofsubstrate11withcomplexes3,5aǦd(0.5mol%)at20°CinCDCl3(0.6
mL.Thelinesareintendedasavisualaid.
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
Fig.9TheROMPofCODwithcomplexes3,5aǦd(0.033mol%)at25°CinCDCl3(0.6mL).
Thelinesareintendedasavisualaid.
(3)
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
Fig.10TheRCMofsubstrate13withcomplexes3and5aǦd(1mol%)at35oCinCH2Cl2
(0.1M).Thelinesareintendedasavisualaid.
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Table3  11ǡ2,3,
4a,4c,5aǦd,ǦǦȋιȌǤ
Entry Complexes Timefor50%
conversion
(minutes)
Solvents Catalysts
loading
(mol%)
Temperature(°C) Anglesof
ClǦRuǦCl(°)
ͳa 2 ̱ͳʹ ʹʹ ͳ ͵Ͳ ͳͶͺǤͺͳȋͷȌȀ
ͳͷ͵ǤͻͷȋͷȌ
ʹ 3 ̱ͷ ͵ ͲǤͷ ʹͲ ͳ͸͵ǤͶͻȋͷȌȀ
ͳ͸͵Ǥͻͳȋ͹Ȍb
͵a 3 δͷ ʹʹ ͳ ͵Ͳ 
Ͷa 4a ̱͵͵ ʹʹ ͳ ͵Ͳ ͳͶ͹Ǥͺ͸ȋͶȌ
ͷa 4c ̱͸ͻ ʹʹ ͳ ͵Ͳ ͳͶͷǤͲͲȋʹȌ
͸ 5a ̱ͷ ͵ ͲǤͷ ʹͲ ͳ͸͵Ǥ͵͵ȋͷȌ
͹ 5b ̱ͷ ͵ ͲǤͷ ʹͲ ͳ͸ͶǤͳȋͳȌ
ͺ 5c ̱ͷ ͵ ͲǤͷ ʹͲ ͳ͸͵ǤͻͺȋͺȌ
ͻ 5d ̱ͷ ͵ ͲǤͷ ʹͲ ͳ͸͵Ǥ͹ȋͳȌ
aDataaccordingtoreference.23bbDataaccordingtoreference.29
3.3 Conclusions
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3.4 Experimentalsection
Generalconsideration
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1Ǧ(1Ǧnaphthyl)Ǧ1ǦphenylǦ2ǦpropynǦ1Ǧol(6d).
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1,1Ǧbis(3,5Ǧdichlorophenyl)Ǧ2ǦpropynǦ1Ǧol(8).
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Synthesisoftherutheniumcomplexes
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RuCl2(4ǦmethylǦ3Ǧ(oǦtolyl)Ǧ1Ǧindenylidene)(PPh3)2(7a).
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RuCl2(4ǦmethylǦ3Ǧ(oǦtolyl)Ǧ1Ǧindenylidene)(PCy3)2ȋ5a).
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ǦͳͷȌǡ͹ǤͳͶǦ͹Ǥͳ͹ȋǡ͵ǡǦͳʹǡǦͳ͵ǡǦͳͶȌǡ͹Ǥͳʹȋǡ͵Jǡα͹Ǥ͸ǡ
ͳǡǦ͸Ȍǡ͹ǤͲ͹ȋǡͳǡǦʹȌǡ͹ǤͲʹȋǡ ͵Jǡα͹Ǥ͸ǡͳǡǦͷȌǡ 
ǣʹǤͷͺǦʹǤ͸ͶǡʹǤʹʹȋǡǦͳ͹ȌǡͳǤͻͶǡͳǤ͹ͶǦͳǤ͹ͺǡͳǤ͸ͺȋǡǦͳ͸ȌǡͳǤͶͷǦͳǤͷʹǡͳǤͷͶǦͳǤͷͺǡ
ͳǤͳͺǦͳǤʹͲǤͳ͵ȓͳȔȋͳʹ͸ǡ͵ǡʹͲιȌǣɁαʹͻ͸ǤͲȋǡʹJǡα͹Ǥ͸ǡǦͳȌǡͳͶ͵Ǥͺ
ȋǦͺȌǡ ͳͶͳǤͻ ȋǦ͵Ȍǡ ͳͶͲǤ͵ ȋǦʹȌǡ ͳ͵ͻǤ͹ ȋǦͻȌǡ ͳ͵ͻǤͳ ȋǦͳͳȌǡ ͳ͵͵Ǥ͹ ȋǦͳͲȌǡ ͳ͵ʹǤ͵ ȋǦͷȌǡ
ͳʹͻǤ͸ȋǦͳʹȌǡͳʹͻǤͲȋǦ͸Ȍǡͳʹ͹ǤͺȋǦͶȌǡͳʹ͹ǤͷȋǦͳͷȌǡͳʹ͹Ǥ͵ȋǦ͹ȌǡͳʹͷǤ͵ȋǦͳͶȌǡͳʹͷǤͳ
ȋǦͳ͵Ȍǡǣ͵ʹǤ͸ ǡʹͻǤͺǡʹ͹ǤͺǡʹͷǤ͸ǡͳͻǤ͹ȋǦͳ͹ȌǡͳͺǤ͵ȋǦͳ͸ȌǤ
͵ͳȓͳȔ ȋʹͲʹ ǡ ͵ǡ ʹͲ ιȌǣ Ɂ ͵ͳǤ͹ ȋȌǤ Ǥ Ǥ  ͷ͵ͺͲʹʹ
ȋͻͷͲǤͶʹȌǣ͸͸Ǥͻ͵ǡͺǤͶͺǢǣ͸͸ǤͺͲǡͺǤͷͲǤ
RuCl2(3Ǧ(pǦfluorophenyl)Ǧ1Ǧindenylidene)(PPh3)2(7b).
͵ͳȓͳȔȋͳʹͳǡ͵ǡʹͲιȌǣɁʹͺǤ͵ȋȌǤ
͵ȂSynthesisofindenylidenecomplexesbyusingligandsofsubstituted1,1ǦdiphenylǦ
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RuCl2(3Ǧ(pǦfluorophenyl)Ǧ1Ǧindenylidene)(PCy3)2(5b)Ǥ
 ȋǡ
Ȁα͸ͲȀͳȌͷ 
ȋͲǤʹͺǡ͸ͲΨȌǤ ͳǦȋͷͲͲǡ͵ǡʹͲιȌǣɁͺǤ͸͹ȋǡ͵Jǡα͹Ǥ͸ǡͳ
ǡǦ͹Ȍǡ͹Ǥ͹ͳǦ͹Ǥ͹ͶȋǡʹǡǦͳͳȌǡ͹Ǥ͵ͺȋǡͳǡǦʹȌǡ͹ǤʹͻǦ͹Ǥ͵͸ȋǡʹǡǦͷǡǦ͸Ȍǡ͹ǤʹͲ
ȋǡ͵Jǡα͹ǤͲǡͳǡǦͶȌǡ͹ǤͲͷǦ͹ǤͳͳȋǡʹǡǦͳʹȌǡǣʹǤ͸ͳǡͳǤͺͻǦͳǤͻͳǡ
ͳǤ͹ʹǦͳǤ͹ͺǡͳǤ͸ͷǦͳǤ͸͸ǡͳǤͶʹǦͳǤͷͶǡͳǤͳͺǢͳ͵ȓͳȔȋͳʹ͸ǡ͵ǡʹͲιȌǣɁʹͻ͵Ǥ͵ȋǡ
ʹJǡα͹Ǥ͸ǡǦͳȌǡͳ͸ʹǤͶȋǡͳJǡ	αʹͶ͹ǤʹǡǦͳ͵ȌǡͳͶͶǤ͸ȋǦͺȌǡͳͶͲǤͺȋǦͻȌǡͳ͵ͺǤ͸ͳȋǦ
ʹȌǡ ͳ͵ͺǤͷͺ ȋǦ͵Ȍǡ ͳ͵ʹǤͶ ȋǡ ͶJǡ	α͵Ǥͳǡ ǦͳͲȌǡ ͳʹͻǤʹ ȋǦ͹Ȍǡ ͳʹͻǤͳ ȋǦ͸Ȍǡ ͳʹͺǤ͵ ȋǦͷȌǡ
ͳʹͺǤͳ ȋǡ ͵Jǡ	α ͹Ǥ͸ǡ ǦͳͳȌǡ ͳͳ͹Ǥͳ ȋǦͶȌǡ ͳͳ͸Ǥͳ ȋǡ ʹJǡ	α ʹͳǤͶǡ ǦͳʹȌǡ 
ǣ͵ʹǤ͹ǡʹͻǤͺ͹ǡʹ͹Ǥͺʹǡʹ͸ǤͷǤ͵ͳȓͳȔȋʹͲʹǡ͵ǡʹͲιȌǣɁ͵ʹǤ͵ȋȌǤǤ
Ǥͷͳ͹ͷʹ	ʹȋͻͶͲǤ͵͹Ȍǣ͸ͷǤͲͻǡͺǤͲ͵Ǣǣ͸ͷǤ͵ʹǡ͹Ǥͺ͹Ǥ
RuCl2(3Ǧ(2,6Ǧxylyl)Ǧ1Ǧindenylidene)(PPh3)2(7c).
͵ͳȓͳȔȋͳʹͳǡ͵ǡʹͲιȌǣɁʹͻǤ͹ȋȌǤ
RuCl2(3Ǧ(2,6Ǧxylyl)Ǧ1Ǧindenylidene)(PCy3)2(5c).
 ȋǡ
Ȁα͸ͲȀͳȌͷ 
 ȋͲǤ͵͸ǡ͹͸ΨȌǤͳǦȋͷͲͲǡ͵ǡʹͲιȌǣɁͺǤ͹ͲǦͺǤ͹ͳȋǡͳǡǦ͹Ȍǡ
͹Ǥʹ͵Ǧ͹ǤʹͶȋǡʹǡǦͷǡǦ͸Ȍǡ͹ǤͳͻȋǡͳǡǦʹȌǡ͹Ǥͳ͹ȋǡ͵Jǡα͹Ǥ͸ǡͳǡǦͳ͵Ȍǡ͹ǤͲ͵ȋǡ
͵Jǡα͹Ǥ͵ǡʹǡǦͳʹȌǡ͸ǤͷͲǦ͸ǤͷͳȋǡͳǡǦͶȌǡǣʹǤ͸Ͳǡ
ʹǤͳ͸ȋǡ͸ǡǦͳͶȌǡͳǤͻ͵ǦͳǤͻͷǡͳǤ͹͵ǦͳǤ͹ͻǡͳǤ͸͸ǡͳǤͶͶǦͳǤͷͷǡͳǤͳͺǦͳǤͳͻǤͳ͵ȓͳȔȋͳʹ͸
ǡ͵ǡʹͲιȌǣɁʹͻͷǤ͸ȋǡʹJǡα͹Ǥ͸ǡǦͳȌǡͳͶ͵ǤͶȋǦͺȌǡͳͶʹǤ͹ȋǦͻȌǡͳͶͳǤ͵ȋǦ͵Ȍǡ
ͳ͵ͻǤͺȋǦʹȌǡͳ͵ͷǤʹȋǦͳͲȌǡͳ͵ͶǤʹȋǦͳͳȌǡͳʹͻǤͳȋǦ͹ȌǡͳʹͺǤͻȋǦ͸ȌǡͳʹͺǤͺȋǦͷȌǡͳʹ͹ǤͶȋǦ
ͳ͵Ȍǡ ͳʹ͹Ǥͳ ȋǦͳʹȌǡ ͳͳ͸Ǥ͸ ȋǦͶȌǡ   ǣ ͵ʹǤ͸ǡ ʹͻǤͺǡ ʹ͸Ǥͺǡ ʹ͸Ǥͷǡ
ʹͲǤ͵ ȋǦͳͶȌǤ ͵ͳȓͳȔ ȋʹͲʹ ǡ ͵ǡ ʹͲ ιȌǣ Ɂ ͵ʹǤͻ ȋȌǤ Ǥ Ǥ 
ͷ͵ͺͲʹʹȋͻͷͲǤͶʹȌǣ͸͸Ǥͻ͵ǡͺǤͶͺǢǣ͸͸Ǥͺ͵ǡͺǤ͸͹Ǥ
RuCl2(3Ǧ(1Ǧnaphthyl)Ǧ1Ǧindenylidene)(PPh3)2(7d).
͵ͳȓͳȔȋͳʹͳǡ͵ǡʹͲιȌǣɁʹͺǤͺȋȌǤ
͵ȂSynthesisofindenylidenecomplexesbyusingligandsofsubstituted1,1ǦdiphenylǦ
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RuCl2(3Ǧ(1Ǧnaphthyl)Ǧ1Ǧindenylidene)(PCy3)2(5d).
 ȋǡ
Ȁα͸ͲȀͳȌȋͷȌ
ȋͲǤʹͳǡͶ͵ΨȌǤͳǦȋͷͲͲǡ͵ǡʹͲιȌǣɁͺǤ͹Ͳȋǡ͵Jǡα͹Ǥ͵ǡͳ
ǡǦ͹Ȍǡ͹ǤͺͻǦ͹Ǥͻ͵ȋǡ͵ǡǦͳ͵ǡǦͳͶǡǦͳ͹Ȍǡ͹Ǥͷ͸ȋǡ͵Jǡα͹ǤͲǡͳǡǦͳͳȌǡ͹ǤͶͷǦ
͹ǤͷͲȋǡ͵ǡǦʹǡǦͳʹǡǦͳͷȌǡ͹ǤͶͳȋǡ͵Jǡα͹ǤͷǡͳǡǦͳ͸Ȍǡ͹ǤʹʹǦ͹Ǥʹ͹ȋǡʹǡǦͷǡ
Ǧ͸Ȍǡ ͸Ǥ͸ͻ ȋǡ ͵Jǡα͹Ǥ͸ǡ ͳǡǦͶȌǡ  ǣ ʹǤ͸Ͷǡ ͳǤͻ͸ǦͳǤͻͻǡ ͳǤͺͳǦͳǤͺͶǡ
ͳǤ͹ͶǡͳǤͶ͹ǦͳǤ͸ͲǡͳǤͳͻǦͳǤʹͷǢͳ͵ȓͳȔȋͳʹ͸ǡ͵ǡʹͲιȌǣɁʹͻͶǤͻȋǡʹJǡα
͹Ǥ͸ǡǦͳȌǡͳͶ͵Ǥ͹ȋǦͺȌǡͳͶ͵ǤͳȋǦͻȌǡͳͶͲǤͶȋǦʹȌǡͳͶͲǤͳȋǦ͵Ȍǡͳ͵ͶǤͷȋǦͳͲȌǡͳ͵͵ǤͻȋǦ
ͳͻȌǡ ͳ͵ͲǤͲ ȋǦͳͺȌǡ ͳʹͻǤͲ ȋǦ͸Ȍǡ ͳʹͺǤͻ ȋǦ͹Ȍǡ ͳʹͺǤ͸ ȋǦͷȌǡ ͳʹͺǤ͵ ȋǦͳ͵Ȍǡ ͳʹͺǤʹ ȋǦͳͶȌǡ
ͳʹ͸Ǥͷ ȋǦͳ͹Ȍǡ ͳʹ͸ǤͲ ȋǦͳͷȌǡ ͳʹͷǤͺ ȋǦͳ͸Ȍǡ ͳʹͷǤͶ ȋǦͳʹȌǡ ͳʹ͵Ǥͷ ȋǦͳͳȌǡ ͳͳ͹Ǥ͹ ȋǦͶȌǡ
ǣ͵ʹǤͺǡʹͻǤͻǡʹ͹Ǥͺǡʹ͸Ǥ͸Ǥ͵ͳȓͳȔȋʹͲʹǡ͵ǡʹͲιȌǣɁ͵ʹǤͳ
ȋȌǤǤǤͷͷ͹ͺʹʹȋͻ͹ʹǤͶͲȌǣ͸͹ǤͺͺǡͺǤͲͺǢǣ͸͹ǤͺͲǡͺǤͲ͸Ǥ
Monitoringthecatalyticprocessofrutheniumcomplexes
3and5aǦd.
   ǡ    ͵͹   ͵ͺ
      Ǥʹͳǡ͵Ͳ    
Ǥ
AppliedprocedurefortheRCMofdiethyldiallymalonate(11):
ͲǤͳ   ȋͳʹͲǡ
ͲǤͷȌ͵ȋͷȌǤ	ǡͳǤʹͷρ
     ͵ ȋͲǤͷ ȌǤ       
ȋͲǤͷȌȋͲǤͳȌǤ
   ͳǦ      Ǥ 
ʹͲιǤ
AppliedprocedurefortheROMPofCOD:
   ȋͳǤ͸͵ρȌ ͵ȋͲǤ͸ȌǤ
ǡ        ȋͲǤͳ Ȍ   ͵ȋͲǤͷ ȌǤ 
ȋͲǤͳȌǡ
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ǤʹͷιǤ
ͳǦ
Ǥ
Applied procedure for the RCM of diethyl 2ǦallylǦ2Ǧ(2Ǧmethylallyl)malonate
(13):
 ǡ  ʹǦǦʹǦȋʹǦȌ ȋͲǤʹͷ ǡ ͳ Ȍ 
 ȋͲǤͳ͹ǡͳȌǡ  ǡ 
Ǥ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Fig.131HǦNMRspectrumforcompound6d.
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Fig.151HǦNMRspectrumforcomplex5a.
Fig.161HǦNMRspectrumforcomplex5b. 
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4.2.2 StructureelucidationofNMRspectraldata
Fig.2Arbitrarynumberingoftheindenylidenemoietiesofcomplexes7aǦcandarbitrary
numberingofthePCy3ligandofcomplex7a.
Table1ͳͳ͵7a–c͵Ǥa
 7a 7b 7c
Atoms 1H 13C 1H 13C 1H 13C
1 Ǧ ʹͻ͹Ǥͺ Ǧ ʹͻͺǤͲ Ǧ ʹͻͺǤͲ
2 ͹Ǥͳͺ ͳ͵͸Ǥͻ ͹Ǥͳͻ ͳ͵͹Ǥͷ ͹Ǥͳ͵ ͳ͵͹ǤͶ
3 Ǧ ͳͶͺǤͶ Ǧ ͳͶͻǤ͵ Ǧ ͳͶ͹Ǥ͵
4 ͸Ǥͻͷ ͳͳͷǤ͸ ͹ǤͳͷǦ͹Ǥͳͻ ͳͳͺǤ͹ ͸ǤͻͶ ͳͳͷǤͷ
5 ͹Ǥ͵Ͳ ͳʹͺǤͶ ͹Ǥʹͻ ͳʹͺǤʹ ͹Ǥʹͻ ͳʹͺǤ͵
6 ͹Ǥͳͻ ͳʹͺǤ͹ ͹ǤͳͷǦ͹Ǥͳͻ ͳʹͺǤͳ ͹Ǥͳͻ ͳʹͺǤ͸
7 ͺǤͷ͹ ͳʹͺǤͺ ͺǤͷͺ ͳʹͺǤͻ ͺǤͷ͹ ͳʹͺǤͺ
8 Ǧ ͳͶ͵Ǥ͹ Ǧ ͳͶͶǤͺ Ǧ ͳͶ͵Ǥ͸
9 Ǧ ͳͶͳǤͷ Ǧ ͳͶͲǤ͵ Ǧ ͳͶͳǤͷ
10 ʹǤʹ͸ ʹ͹Ǥ͵ Ǧ ͵͵Ǥͻ  
11 ͳǤʹ͵ ͳͻǤ͸ ͳǤ͵ʹ ʹ͹Ǥ͹  
aChemicalshiftsarequotedinppmwithrespecttoresidualCHCl3(7.26ppm)andTMS
(0ppm).ThenumberingschemeislistedinFig.2.
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Atomnumber 1H 13C
12 ʹǤ͸Ͳȋ͸Ȍ ͵ʹǤͷ
13 ͳǤͺͺȋ͵ȌǡͳǤ͹Ͷȋ͵ȌǡͳǤͶ͸ȋ͸Ȍ ʹͻǤͺ
14 ͳǤ͹Ͷȋ͵ȌǡͳǤ͸Ͷȋ͵ȌǡͳǤͳ͹ȋ͸Ȍ ʹ͹Ǥͺ
15 ͳǤ͸ͷȋ͵ȌǡͳǤͳ͸ȋ͵Ȍ ʹ͸Ǥ͸

Fig. 3 I: The 1HǦNMR spectrum of 7a from 1.0 to 2.7 ppm; II: TheHSQC spectrum of
compound 7a, chemical shift of 1HǦNMR range from 1.0 to 2.7 ppm (horizontal) and
13C{1H}NMRrangefrom18.5to35.5ppm(vertical).
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Fig.4ORTEPrepresentationsofthestructuresofcomplexes6aǦc(thermalellipsoidsare
shown at the 30% probability level), showing the atom labeling scheme of the
heteroatoms and carbon atom C1 and C1A. Hydrogen atoms and dioxane solvent
moleculesareomittedforclarity.For6a,thedisorderofthe3ǦisoǦpropylǦ1Ǧindenylidene
moietyisomittedforclarity.
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4.2.3 SingleǦcrystalXǦraydiffractionanalysis
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Fig.5ORTEPrepresentationsofthestructuresofcomplexes7aǦc(thermalellipsoidsare
shown at the 30% probability level), showing the atom labeling scheme of the
heteroatomsandcarbonatomC1.Hydrogenatomsareomittedforclarity.
ͶȂSynthesisofbisǦPCy3ligandscoordinatedalkylgroupǦtaggedruthenium
indenylidenecomplexes
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Table3ȋ%ȌȋιȌ6aǦc 7aǦc
1a3aǤ
 6a 6b 6c 1aa
Ru=C ͳǤͺ͸ͳȋ͸ȌȀͳǤͺͷȋ͵Ȍ ͳǤͺ͵͵ȋͺȌ ͳǤͺ͸ͻȋͷȌ ͳǤͺͶͳȋʹȌ
RuǦCl ʹǤ͵ͷ͹͹ȋ͹Ȍ ʹǤ͵͸͹ȋʹȌ ʹǤ͵ͶͷȋͳȌ ʹǤ͵ͻͶͻȋ͸Ȍ
 ʹǤ͵͸ͺ͸ȋ͹Ȍ ʹǤ͵͸ʹȋʹȌ ʹǤ͵͹ͶȋͳȌ ʹǤ͵ͻͷ͹ȋ͸Ȍ
RuǦP1 ʹǤ͵͹͹͸ȋͻȌ ʹǤ͵͹ͷȋʹȌ ʹǤ͵ͻ͸ȋͳȌ ʹǤͶͲ͵Ͳȋ͹Ȍ
RuǦP2 ʹǤ͵ͻͷȋͳȌ ʹǤͶͲͲȋʹȌ ʹǤ͵͹ͲȋʹȌ ʹǤͶͲ͸͸ȋ͹Ȍ
PǦRuǦP ͳ͸ͷǤͻͻȋ͵Ȍ ͳ͸ͺǤͲͳȋͺȌ ͳ͸ͻǤͲͲȋͷȌ ͳ͸ʹǤʹʹȋʹȌ
ClǦRuǦCl ͳ͸ͲǤͳͲȋ͵Ȍ ͳͷ͹ǤͷʹȋͺȌ ͳͷͺǤ͵ͷȋͷȌ ͳ͸͸Ǥͺ͹ȋʹȌ
 3ab 7a 7b 7c
Ru=C ͳǤͺͺʹȋ͸Ȍ ͳǤͺ͸ͻȋͷȌ ͳǤͺͷͺȋͺȌ ͳǤͺ͸Ͳȋ͸Ȍ
RuǦCl ʹǤ͵ͺͻȋʹȌ ʹǤ͵ͻʹȋͳȌ ʹǤ͵ͻ͵ȋʹȌ ʹǤ͵ͺͻȋʹȌ
 ʹǤͶͲͺȋʹȌ ʹǤ͵ͺͻȋͳȌ ʹǤ͵ͺͷȋʹȌ ʹǤ͵ͻͷȋʹȌ
RuǦP1 ʹǤͶʹ͹ȋʹȌ ʹǤͶͳͶȋʹȌ ʹǤͶͳ͸ȋʹȌ ʹǤͶͳͻȋʹȌ
RuǦP2 ʹǤͶͳ͸ȋʹȌ ʹǤͶͳ͸ȋʹȌ ʹǤͶͳ͵ȋͳȌ ʹǤͶͳͺȋʹȌ
PǦRuǦP ͳͷͻǤͲ͵ȋ͹Ȍ ͳ͸ͲǤ͸ͻȋ͸Ȍ ͳ͸ͲǤͻʹȋ͹Ȍ ͳ͸ͲǤ͸͵ȋ͹Ȍ
ClǦRuǦCl ͳ͸͵Ǥͻͳȋ͹Ȍ ͳ͸͵Ǥͺͺȋ͸Ȍ ͳ͸͵ǤͺͶȋ͹Ȍ ͳ͸ͶǤͲ͸ȋ͹Ȍ
aDataaccordingtoreference.27bDataaccordingtoreference.28

Scheme2.Olefinmetathesismodelreactionsa,b,c,d.
ͶȂSynthesisofbisǦPCy3ligandscoordinatedalkylgroupǦtaggedruthenium
indenylidenecomplexes
ͳʹ͸

Fig.6TheRCMofsubstrate8(Scheme2,a)withcomplexes1a,3aand7aǦc(0.5mol%)at
20°CinCDCl3.Linesareintendedasvisualaid.
4.2.4 Catalyticactivitystudyinginolefinmetathesisreactions
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Fig.7.TheROMPofCOD(Scheme2,b)withcomplexes3aand7aǦc(0.033mol%)at25°C
inCDCl3.Linesareintendedasvisualaid.
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Fig.8TheRCEYMofsubstrate9(Scheme2,c)withcomplexes3aand7aǦc(5mol%)at
50°Cintoluene.Linesareintendedasvisualaid.

Fig. 9 The CM between allylbenzene and cisǦ1,4ǦdiacetoxyǦ2Ǧbutene (Scheme 2, d)
applyingcatalystloadingof2.5mol%at25°Cindichloromethane.Linesareintendedas
visualaid.
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4.4 Experimentalsection
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4.4.2 Synthesisoftherutheniumcomplexes
ʹȋ͵Ȍ͵ȋͳǤǡͲǤͷͲȌ5ȋͳǤ͵Ǥǡ
ͲǤ͸ͷ Ȍ  ͷ  Ȁ  ȋͲǤͳ ȀȌǤ    
 ͻͲ ι ͵ͳǦǤ 
   ͳͲ   Ǥ ǡ    
ȋʹͲȌǤ  
       Ǥ  
      nǦ     Ǧ
 Ǥ   6    ͳǦ  ͵ͳǦ Ǥ
Ǧ6Ǧ
Ǥ
ͶȂSynthesisofbisǦPCy3ligandscoordinatedalkylgroupǦtaggedruthenium
indenylidenecomplexes
ͳ͵ͳ
   ǡ     6   
 ȋ͵ǤͲ Ǥǡ ͳǤͷ Ȍ    ȋͳͲ Ȍ 
       Ǥ   
  ͵ͳǦǤ      ȋ  Ȍǡ 
        nǦ ȋͷ Ȍ  Ǥ
	 ǦǡnǦ
ȋʹͷȌ7Ǥ
Ǧ  7   Ǧ       
Ǥ
RuCl2(3ǦisoǦpropylǦ1Ǧindenylidene)(PPh3)2,6a.
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Ȍǡ͹Ǥ͵ͺȋǡ͵Jǡ=͹ǤͶǡ͸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ǡ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ǡα͹ǤͶǡͳ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ǡ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ǡ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ǡ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RuCl2(3ǦisoǦpropylǦ1Ǧindenylidene)(PCy3)2,7a.
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RuCl2(3ǦtertǦbutylǦ1Ǧindenylidene)(PPh3)2,6b.
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RuCl2(3ǦtertǦbutylǦ1Ǧindenylidene)(PCy3)2,7b.
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RuCl2(3ǦcyclohexylǦ1Ǧindenylidene)(PPh3)2,6c.
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ǡ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ǡ͸Ȍǡ
͹Ǥʹ͹ȋǡ͵Jǡ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ǡͳ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ȌǢ͵ͳȓͳȔȋͳʹͳ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RuCl2(3ǦcyclohexylǦ1Ǧindenylidene)(PCy3)2,7c.
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ǡα͹Ǥ͵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ǡ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ǡ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ǡǦͶȌǡ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ͶȂSynthesisofbisǦPCy3ligandscoordinatedalkylgroupǦtaggedruthenium
indenylidenecomplexes
ͳ͵͵
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ǦͳǢ    ȋΨȌ 
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4.4.3 Monitoringthecatalyticprocessofrutheniumcomplexes
3and5aǦd
AppliedprocedurefortheRCMofdiethyldiallymalonate(8):29,33c
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AppliedprocedurefortheROMPofCOD:36
      ȋͳǤ͸͵ ρȌ  ͵ ȋͲǤ͸Ȍ Ǥ
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ʹͷιǤ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AppliedprocedurefortheRCEYMof(1Ǧ(allyloxy)Ǧ2ǦpropyneǦ1,1Ǧdiyl)dibenzene
(9):35
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CMofallylbenzeneandcisǦ1,4ǦdiacetoxyǦ2Ǧbutene.33c
ͶȂSynthesisofbisǦPCy3ligandscoordinatedalkylgroupǦtaggedruthenium
indenylidenecomplexes
ͳ͵Ͷ
4.4.4 SingleǦcrystalXǦraydiffraction
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Scheme1.Synthesisofcomplexes5aǦdfromcomplexes4aǦd.
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Fig.2Theproposedtwoconformers(5bǦIand5bǦII)ofcomplex5bandrepresentationof
thestructureofcomplex5bobtainedbysingleǦcrystalXǦraydiffractionanalysis.
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Fig.3TheNOESYspectrumofcomplex5binCDCl3.Horizontal(1.6ppmto2.7ppm)and
vertical(5.5ppmto7.5ppm).
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Fig.4Molecularstructuresofcomplexes5a,5band5d(thermalellipsoidsaredrawnat
the30%probability level), showing theatom labeling schemeof theheteroatomsand
carbonatomRu=CIndandRuǦCNHC.Hydrogenatoms forcomplexes5a,5band5danda
toluenesolventmoleculeforcomplex5dareomittedforclarity.
5.2.2 SingleǦcrystalXǦraydiffractionanalysis
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5.2.3 Thermalstabilitystudies
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Fig. 5 Degradation of complexes 1b, 3a and 5aǦd in a CDCl3 solution at 20 °C in air
measured by 1HǦNMR employing bis(3,5Ǧdimethoxyphenyl)methanone as an internal
standard.Thelinesareintendedasvisualaid.
5.2.4 Catalyticactivityinolefinmetathesisreactions
ǡ 5a 
 1b  3a        6   
ͳΨ͵ͲιʹʹȋͳȌ

ǯ  ȋǤ ͳȌǤͳͶ 1b 5a   
6  ͷͲ     3a 
ͳͲΨȋ	Ǥ͸ǡ ȌǤ
1b5a3a
͵ͲιǤ
Eq.1
ͷȂEffectofthebulkinessofindenylidenemoietiesonthecatalyticinitiationand
efficiencyofthesecondǦgenerationrutheniumǦbasedolefinmetathesiscatalysts
ͳͷͲ


Fig.6TheRCMofsubstrate6using1mol%of thecomplexesat30 °C (top)and35 °C
(bottom)inCH2Cl2(1M).Thelinesareintendedasvisualaid.
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Fig.7TheRCMofsubstrate7withcomplexes3aand5aǦd(1mol%)at45°Cintoluene(1
M).Thelinesareintendedasvisualaid.
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Fig.8TheRCEYMofsubstrate8withcomplexes3and5aǦd(4mol%)at50°Cintoluene
(1M).Thelinesareintendedasvisualaid.
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Fig.9TheROMPofCODwithcomplexes3aand5aǦd(0.033mol%)at40°CinCDCl3(0.6
mL).Thelinesareintendedasvisualaid.
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5.4 Experimentalsection
5.4.1 Generalconsideration
   ǡ       
     Ǯ ǯ   ʹ   ͵Ǥ 
   4aǦd     ͵Ǥ ȋ͵ǡͷǦ
Ȍͳ͹      Ǥ

   ȋȌ 
ͷͲ
 ǡ       ʹ   ͷ  Ǧ 
  ͶͲ ԨǤ       
ȋ͹ͺͲǤǦͳ͵͹ͳͳͲͲǤǦͳȌ	
ͳǤǦͳǤǦǤ
5.4.2 Synthesisoftherutheniumcomplexes
  ǡ  4aǦd ȋͳ Ǥǡ ͲǤͶʹȌ   ȋʹ Ǥǡ
ͲǤʹ͸ǡͲǤͺͶȌȋ͵ȌǤ
͵Ǥǡ 
ȋʹʹȌ
ȋʹʹȌ5aǦdǤ
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RuCl2(3ǦoǦtolylǦ1Ǧindenylidene)(SIMes)(PCy3)(5b).
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RuCl2(3Ǧ1ǦnaphthylǦ1Ǧindenylidene)(SIMes)(PCy3)(5c).
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RuCl2(3ǦpǦfluorophenylǦ1Ǧindenylidene)(SIMes)(PCy3)(5d).
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5.4.3 Monitoringthecatalyticprocessofrutheniumcomplexes
3aand5aǦd
Appliedprocedure for theRCM ofdiethyldiallymalonate/diethyl2ǦallylǦ2Ǧ(2Ǧ
methylallyl)malonate:14a,28
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Applied procedure for the RCM of (1Ǧ(allyloxy)propǦ2ǦyneǦ1,1Ǧ
diyl)dibenzene:14a,28
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5.4.4 SingleǦcrystalXǦraydiffraction
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5.4.5 31P{1H},1HǦNMRspectra

Fig.101HǦNMRspectrumforcomplex5a.
Fig.1131P{1H}NMRspectrumforcomplex5b.
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
Fig.121HǦNMRspectrumforcomplex5b.

Fig.131HǦNMRspectrumforcomplex5c.
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
Fig.141HǦNMRspectrumforcomplex5d.
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Scheme1.Synthesisofcomplexes4fǦhfromcomplexes3fǦh.
6.2.2 SingleǦcrystalXǦraydiffractionanalysis
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Fig.2Representationsof thestructuresofcomplexes4fand4g(thermalellipsoidsare
drawn at the 30% probability level), showing the atom labeling scheme of the
heteroatomsandcarbonatomRu=CInd.Thedisorderoftheisopropylmoietyofcomplex
4fandhydrogenatomsofcomplexes4fand4gareomittedforclarity.
4f4gǡ
         ǡ  
Ǧ    Ǥ    NǦ   
      ɎǦɎ   ȋ͵ǤͶʹ͹ȋʹȌ %Ǣ
ͳ͸ǤʹȋͶȌι͵ǤͻͷͶȋʹȌ%Ǣͳ͸ǤͷȋͶȌιǦǦǡǡ
4f͵Ǥͷͳ͵ȋͷȌ%ǢͳʹǤ͹ȋͳȌιͶǤͲͲͷȋͶȌ%ǢͳͶǤͶȋͳȌι  ǦǦ
 ǡ ǡ    4gȌ      
  Ǥ          
Ǥ͹
4f4g
ͳǤ4f4gαͳǤͺ͹͵ȋ͵ȌͳǤͺͻʹȋ͹Ȍ%ǡ
ǦʹǤͲͻ͹ȋʹȌʹǤͳͲ͹ȋ͹Ȍ%ǡǤ
͸ȂSynthesisofSIMes/PCy3mixedligandscoordinatedalkylgroupǦtagged
rutheniumindenylidenecomplexes
ͳ͹ʹ
ʹǤͶͲ͹͸ȋͷȌʹǤ͵͹ͻ͸ȋͷȌ%4fʹǤͶͳͳȋʹȌʹǤ͵ͺ͹ͻȋͳȌ%
4gǤ          Ǧ  ʹǤͶͷͶ% 
 αǦ  ǦǦ  ǡ i.e. ͳͲ͵ι  ͳ͸ͷιǡ Ǥ
	ǡǦǦͳ͸͵ǤͷͷȋʹȌι4fͳ͸͵ǤͶʹȋ͹Ȍι4gǤ
Ǥ
Table1ȋ%ȌȋιȌ4f4gǤ
 Ru=CInd RuǦCNHC RuǦCl RuǦP CInd=RuǦCNHC CNHCǦRuǦP ClǦRuǦCl
4f ͳǤͺ͹͵ȋ͵Ȍ ʹǤͲͻ͹ȋʹȌ ʹǤͶͲ͹͸ȋͷȌȀ
ʹǤ͵͹ͻ͸ȋͷȌ
ʹǤͶͷͶͲȋͷȌ ͳͲ͵ǤͲȋͳȌ ͳ͸ͷǤͲ͵ȋ͸Ȍ ͳ͸͵ǤͷͷȋʹȌ
4g ͳǤͺͻʹȋ͹Ȍ ʹǤͳͲ͹ȋ͹Ȍ ʹǤͶͳͳȋʹȌȀ
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ʹǤͶͷͶȋʹȌ ͳͲʹǤͻȋ͵Ȍ ͳ͸ͶǤͷȋʹȌ ͳ͸͵ǤͶʹȋ͹Ȍ
6.2.3 Thermalstabilitystudies
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Fig.3Degradationofcomplexes4a,4f,4gand4hinaCDCl3solutionat20°Cinairwas
monitored by 1HǦNMR employing bis(3,5Ǧdimethoxyphenyl)methanone as an internal
standard.Thelinesareintendedasvisualaid.
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6.2.4 Catalyticactivityofthecomplexes
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Fig.4TheRCMofsubstrateDEDAMusing1mol%ofthecomplexesat38°CinCH2Cl2(1
M).Thelinesareintendedasvisualaid.
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Fig.5TheROMPofCODwithcomplexes4aand4fǦh(0.033mol%)at40°CinCDCl3(0.6
mL).Thelinesareintendedasvisualaid.
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6.3 Conclusions
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6.4 Experimentalsection
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RuCl2(3ǦisopropylǦ1Ǧindenylidene)(SIMes)(PCy3)(4f).
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RuCl2(3ǦtertbutylǦ1Ǧindenylidene)(SIMes)(PCy3)(4g).
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RuCl2(3ǦcyclohexylǦ1Ǧindenylidene)(SIMes)(PCy3)(4h).
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6.4.3 Monitoring the catalytic process of the ruthenium
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AppliedprocedurefortheRCMofDEDAM:9
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6.4.5 1HǦNMRspectra
͸ȂSynthesisofSIMes/PCy3mixedligandscoordinatedalkylgroupǦtagged
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
Fig.61HǦNMRspectrumforcomplex6a.
Fig.71HǦNMRspectrumforcomplex6b.
͸ȂSynthesisofSIMes/PCy3mixedligandscoordinatedalkylgroupǦtagged
rutheniumindenylidenecomplexes
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Fig.81HǦNMRspectrumforcomplex6c.
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7 Rutheniumindenylidenecomplexesbearing
NǦalkyl/NǦmesitylǦsubstitutedNǦheterocyclic
carbeneligands
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Fig.1SelectedexamplesofsecondǦgenerationrutheniumǦbasedcatalysts.
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Scheme1.Synthesisofcompounds6aǦc.
NN Mes
Ru
Cl
Cl Ph
PCy3
R
a: R = Methyl
b: R = Octyl
c: R = Cyclohexyl
Ru
Cl
Cl Ph
PCy3
Cy3P
N NR
Cl
6a-c
8a-c(1). KHMDS / Toluene, 0.5 h, r.t.
(2). 7 / Toluene, r.t.
7
NN Mes
Ru
Cl
Cl Ph
R
9a,c
N
N
Mes
R

Scheme2.Appliedsynthesisstrategyforthesynthesisofcomplexes8aǦcand9a,c.
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Fig.2NOESYspectrumofcomplex8a,chemicalshiftof1HǦNMRrangefrom1.0to5.0ppm
(horizontal)and1HǦNMRrangefrom5.0to8.5ppm(vertical).
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Fig.3ORTEPrepresentationsofthestructuresofcomplexes8aǦc(thermalellipsoidsare
drawn at the 30% probability level), showing the atom labeling scheme of the
heteroatoms.Thehydrogenatomsareomittedforclarity.For8a,thedisorderofthe3Ǧ
phenylǦ1Ǧindenylidenemoiety isomitted.For8b,oneofcomplexmolecules isomitted.
For8c,theCH2Cl2solventmoleculeisomitted.
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͹ȂRutheniumindenylidenecomplexesbearingNǦalkyl/NǦmesitylǦsubstitutedNǦ
heterocycliccarbeneligands
ͳͻʹ
Table1ȋ%ȌȋιȌ8aǦc1cǤ
 8a 8b 8c 1c
ǦǦ ͳͷͺǤ͸ȋͳȌ ͳ͸ͲǤ͹ȋʹȌȀ
ͳ͸ͳǤͳȋʹȌ
ͳ͸ͷǤͷȋͳȌ ͳ͸ͲǤ͸ȋͳȌ
Ǧα ͳͲͳǤͲȋʹȌȀ
ͳͲ͵Ǥ͵ȋ͹Ȍ
ͻͻǤ͹ȋʹȌȀ
ͻͻǤ͸ȋʹȌ
ͳͲʹǤͳȋʹȌ ͳͲͲǤ͹ȋͳȌ
ǦǦ ͳ͸ͲǤ͵ͳȋͶȌ ͳ͸ͲǤͲ͵ȋͷȌȀ
ͳ͸ͲǤͳͺȋͷȌ
ͳͷͺǤͻ͸ȋͶȌ ͳ͸ͶǤʹͻȋ͵Ȍ
α ͳǤͺ͹ͳȋͷȌȀ
ͳǤͻʹȋʹȌ
ͳǤͺ͹͸ȋͷȌȀ
ͳǤͺ͹͹ȋ͹Ȍ
ͳǤͺͷ͸ȋͶȌ ͳǤͺͶͲȋ͵Ȍ
Ǧ ʹǤͲ͸͹ȋͶȌ ʹǤͲ͹ʹȋͷȌȀ
ʹǤͲ͹ʹȋ͸Ȍ
ʹǤͲ͸ͶȋͶȌ ʹǤͲ͸ͶȋͶȌ
Ǧ ʹǤͶ͵͹ͺȋͻȌ ʹǤͶ͸͹ȋͳȌȀ
ʹǤͶͷ͸ȋͳȌ
ʹǤͶ͸ͻȋͳȌ ʹǤͶʹͶ͵ȋͻȌ
Ǧ ʹǤ͵ͻͻȋͳȌ ʹǤͶͲʹȋʹȌȀ
ʹǤͶͲͷȋͳȌ
ʹǤͶͲͶȋͳȌ ʹǤͶͲ͸ͳȋͺȌ
ʹǤͶͲʹȋʹȌ ʹǤͶͲͳȋͳȌȀ
ʹǤͶͲͳȋͳȌ
ʹǤͶͳͲȋͳȌ ʹǤ͵͹ͻ͵ȋͺȌ
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Fig.4ORTEPrepresentationofthestructureofcomplex1c(thermalellipsoidsaredrawn
atthe30%probabilitylevel),showingtheatomlabelingschemeoftheheteroatoms.The
hydrogenatomsareomittedforclarity.
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͹ȂRutheniumindenylidenecomplexesbearingNǦalkyl/NǦmesitylǦsubstitutedNǦ
heterocycliccarbeneligands
ͳͻ͵
  Ǧ   PǦͳ   ʹȋȌȋͳǦ
Ǧ͵ǦǦͶǡͷǦǦʹǦȌȋ͵Ȍ  ȋ	Ǥ ͶȌ  
ǤͳǤͺͶͲȋ͵Ȍ%Ǥ
ǦʹǤ͵͹ͻ͵ȋͺȌʹǤͶͲ͸ͳȋͺȌ%Ǧ
 ʹǤͶʹͶ͵ȋͻȌ %Ǥ  ǦǦ  Ǧα   ͳ͸ͲǤ͸ȋͳȌ 
ͳͲͲǤ͹ȋͳȌιǡǤǦǦͳ͸ͶǤʹͻȋ͵ȌιǤ
Fig.5ORTEPrepresentationsof thestructuresofcomplexes9a,9c (thermalellipsoids
are drawn at the 30% probability level), showing the atom labeling scheme of the
heteroatoms.Thehydrogenatomsareomittedforclarity.
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͹ȂRutheniumindenylidenecomplexesbearingNǦalkyl/NǦmesitylǦsubstitutedNǦ
heterocycliccarbeneligands
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9a9cǤ
 9a 9c
ǦǦ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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 ͳͲͳǤʹȋ͵ȌȀ
ͻͻǤͻȋ͵Ȍ
ͻ͵ǤͶȋʹȌȀ
ͻ͸ǤͲȋʹȌ
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Ǧ ʹǤͳͲͳȋͺȌȀ
ʹǤͲͺ͸ȋ͹Ȍ
ʹǤͳ͵ͳȋͶȌȀ
ʹǤͳ͵ͶȋͶȌ
Ǧ ʹǤͶͳͶȋͳȌȀ
ʹǤͶͲ͵ȋͳȌ
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7.2.3 Stabilitystudiesofcomplexes2and8aǦc
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͹ȂRutheniumindenylidenecomplexesbearingNǦalkyl/NǦmesitylǦsubstitutedNǦ
heterocycliccarbeneligands
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Fig.6Stabilitytestsofcomplexes8aǦcrelativetocomplex2inaCDCl3solutionat20°Cin
openair.Thelinesareintendedasavisualaid.
7.2.4 Initiationstudiesofcomplexes1c,2and8aǦc
Scheme3.Areactionofcomplexes1c,2and8aǦcwith30eq.ofethylvinylethertoobtain
therelatedrutheniumethoxymethylenecomplexes.
͹ȂRutheniumindenylidenecomplexesbearingNǦalkyl/NǦmesitylǦsubstitutedNǦ
heterocycliccarbeneligands
ͳͻ͸

Fig. 7 The conversion of the complexes to Fisher carbene type ruthenium
ethoxymethylidenecomplexesintolueneǦd8(6ml)at20°C.The linesareintendedasa
visualaid.
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7.2.5 Catalyticactivityofcomplexes8aǦc
Eq.1
͹ȂRutheniumindenylidenecomplexesbearingNǦalkyl/NǦmesitylǦsubstitutedNǦ
heterocycliccarbeneligands
ͳͻ͹
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Fig.8TheRCMofsubstrate10withcomplexes2and8aǦc(1mol%)at30°CinCH2Cl2(0.1
M).Thelinesareintendedasavisualaid.
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Fig.9TheROMPofCODwithcomplexes2and8aǦc (0.05mol%)at40 °C inCDCl3(0.6
mL).Thelinesareintendedasavisualaid.
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Fig. 10 The RCEYM of substrate 11with complexes 2 and 8aǦc (2mol%) at 50 °C in
toluene(0.1M).Thelinesareintendedasavisualaid.
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Fig.11TheRCMofsubstrate13withcomplexes1cand8a(0.125Ǧ0.5mol%)at30°Cin
CH2Cl2(0.1M).Thelinesareintendedasavisualaid.
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RuCl2(3ǦphenylǦ1Ǧindenylidene)(1ǦmesitylǦ3ǦoctylǦ4,5ǦdihydroimidazolǦ2Ǧ
ylidene)(PCy3)(8b).
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RuCl2 (1ǦcyclohexylǦ3ǦmesitylimidazolidinǦ2Ǧylidene)2(3ǦphenylindenǦ1Ǧ
ylidene)(9c).
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7.4.6 Monitoringthecatalyticprocessofrutheniumcomplexes
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AppliedprocedurefortheCMbetweenallylbenzeneandcisǦ1,4ǦdiacetoxyǦ2Ǧ
buteneǣʹͶǡ͵ʹǡ͵͹
        ȋͶǤͲ͹ ρȌ 
͵ȋͳȌǤcis,cisǦǦͳǡͷǦȋͲǤͺͳǡͲǤͳ
Ȍǡ ͵ ȋͲǤͷ Ȍ    ȋͲǤͳ Ȍǡ     
  ͳǦ       ͶͲ ιǤ
   ͳǦ 
Ǥ
AppliedprocedurefortheRCEYMof(1Ǧ(allyloxy)propǦ2ǦyneǦ1,1Ǧ
diyl)dibenzeneǣ͵͸
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AppliedprocedurefortheCMbetweenallylbenzeneandcisǦ1,4ǦdiacetoxyǦ2Ǧ
buteneǣʹͶǡ͵ʹǡ͵͸
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7.4.7 SingleǦcrystalXǦraydiffraction
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7.4.8 31P{1H}and1HǦNMRspectra
Fig.1231P{1H}NMRspectrumofcomplex8ainCDCl3.
Fig.131HǦNMRspectrumofcomplex8ainCDCl3.
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
Fig.141HǦNMRspectrumofcomplex8binCDCl3.

Fig.151HǦNMRspectrumofcomplex8cinCDCl3.
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Fig.161HǦNMRspectrumofcomplex9ainCDCl3.
Fig.171HǦNMRspectrumofcomplex9cinCDCl3.
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Fig.1Complexes1Ǧ8.
In addition to the numerous background investigations based on structural 
tuning of NHC and/or phosphine ligands on the initial complexes 1a,b (Fig. 1), the 
synthesis of non-chelating bis-PCy3-coordinated ruthenium indenylidene 
complexes 2b, 3b, 4b, 5b, 6b, 7b and 8b were achieved via the corresponding bis-
PPh3-coordinated complexes 2a, 3a, 4a, 5a, 6a, 7a and 8a. Complexes 6b, 7b and 
8b are different from the other analogues by the substitution of alkyl groups instead 
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of these bearing aryl moieties. Unfortunately, additional attempts to prepare an 
indenylidene complex bearing strong electron-withdrawing substituents did not 
succeed. All 1H and 13C resonances from the NMR spectra of complexes 2b, 3b,
4b, 5b, 6b, 7b and 8b were fully assigned, and all the new obtained complexes 
were evaluated by single-crystal X-ray diffraction analysis. The structural results 
reveal that either the bond lengths or the bond angles of the ligands around 
ruthenium center exhibit similar values for all newly obtained complexes as well as 
the reference complex 1b. Catalytic analysis in olefin metathesis showed the 
complexes performed quite similar in both catalyst initiation and propagation 
stages. All of these suggest that a variant of the substituents on the 3-position of 
the indenylidene fragment is not likely to cause an obvious influence on either the 
geometries around the ruthenium center or the catalytic activity for the first-
generation indenylidene complexes (bis-PCy3-coordinated complexes). 
Fig.2Complexes9Ǧ16.
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